
From the Universe to the 
focal plane

Data acquisition challenges of galaxy surveys
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Cosmology

e.g. see lecture by Elisabeth Krause, Cora Uhlemann
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Why as a theorist should you be interested in 
challenges of data acquisition?

INTRODUCTION
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ύᾀ  πȢωυ πȢπυ is not interesting
ύᾀ πȢωυ πȢπρ is interesting

Why as a theorist should you be interested in 
challenges of data acquisition?

INTRODUCTION

ύᾀ ύ ύ
ᾀ

ρ ᾀ

S
lide inspired from

 A
. Taylor



ÅWe measure cosmological parameters from the shear power in tomographic redshift slices. With 
stage-IV Dark Energy surveys (e.g Euclid): accuracy of „ύ πȢπρ and „ύ πȢρ 
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ÅWe measure cosmological parameters from the shear power in tomographic redshift slices. With 
stage-IV Dark Energy surveys (e.g Euclid): accuracy of „ύ πȢπρ and „ύ πȢρ 

ÅThe error on ύ scales roughly as ρπ . 

ÅIn WL, we are interested in shear level of ɾͯ πȢπρ. 

ÅThis means that we have to measure shear to an accuracy and precision of ρͯπȢ This is tiny!!!

ÅStatistical  precision set by   where „ πȢσ is the shape noise. So we need ὔ ρπ 

galaxies. Huge survey! 

ÅError budget will be dominated by systematics:  we want to control with high precision optics and 
electronics and data processing. 
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Example of Weak Lensing
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Calibration/correction
 of numerous effects

Delivering high quality 
images/catalogues 

as homogeneous as possible across 
survey 

w/ accuracy meeting weak lensing 
requirements

Charge transfer inefficiency
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Calibration/correction
 of numerous effects

Delivering high quality 
images/catalogues 

as homogeneous as possible across 
survey 

w/ accuracy meeting weak lensing 
requirements

Several effects are interrelated  (CTI/NL/BFE); 
Significant time evolution  of some effects (ice); 
Some unexpected  events (proton shower, etc.)

Charge transfer inefficiency

What is 

hard

23/07/2025 Les Houches -- Dark Universe -- Clotilde Laigle 17

Example of Weak Lensing

Why as a theorist should you be interested in 
challenges of data acquisition?

INTRODUCTION
A

 ra
w

 E
uc

lid
 V

IS
 im

ag
e



ÅPossible biases comes from many sources, so each need to be controlled to even higher 
precisions.

ÅAt small scale, baryonic physics impact shear measurement, so we want to measure 
shear at scale larger than a few arcmin. We must pay attention to detection effects that 
could cause systematics coherent distortion at these scales

ÅIf there are systematic residuals impacting shear measurements, we will misinterpret the 
result and wrongly estimate the cosmological parameters

ÅEngineers cannot do everything by themselves: they need input from researchers to 
understand what to precisely monitor and how the residuals of their correction impact 
shear estimation.
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From photons to galaxy 
catalogues: a complex 
chain
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From photons to galaxy catalogues

ÅA very complex chain
ÅA huge group of persons that must work together: technicians, software 

engineers, research engineers, astronomers
ÅIn any case, very inter -disciplinary work:
ÅCosmology
ÅAstrophysics: space weather, astronomical foreground, etc.
ÅDetector physics
ÅOptics: filters, dichroic, grism, ray tracing
ÅEngineering
ÅSoftware / pipelines / algorithms
ÅRequirement flow-down / interfaces / management / communication
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fƣќƚШŉċƚĦŔŰċƣŔŰŊШċŰĬШŉƨŰг

INTRODUCTION



Outline

1. Designing a galaxy survey: basic considerations on telescopes
Telescopes in comparison, on-ground or in space, fov/resolution/sensitivity, imaging versus spectroscopy

2. Overview of existing and upcoming galaxy large-surveys
Overview of DE surveys, Spectroscopic surveys. Zoom on DESI and follow-up, Photometric surveys. Zoom on Euclid

3. From distant galaxies to the detector: the case of VIS on Euclid
Astronomical foreground, being in space, data acquisition chain, zoom on BFE and CTI

4. Euclid: the adventure of a space telescope
Some surprises that can happen when you launch at L2
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Conclusion

Introduction



1. Designing a survey
Some basic considerations on telescopes
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Telescopes in comparison
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Launch: 25 /12/2021
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Launch: 1 /07/2023

Vera Rubin Observatory
First light:  06/2025
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On-ground or in space?
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ÅEċĦőШƣĲũĲƚĦŸƓĲШőċƚШŔƣƚШŸƽŰШљƚƓĲĦŔċũƣǃњШŸŰШƽőŔĦőШĬĲƓĲŰĬƚШůŔƖƖŸƖШƚŔǍĲШҼШŉŸĦċũШƓũċŰĲШċƖĲċШҼШ
detector sensitivity + strategy of sky scanning

ÅData from ground-based telescopes are affected by atmosphere  which filters certain 
ƽċƻĲũĲŰŊƣőƚШҼШљũŸƽњШƚĲĲŔŰŊШƕƨċũŔƣǃ

Low orbit (~515km)
ΜЮΜΤΡњ at ~700nm

L2
ΜЮΝΣњ at ~700nm

L2
ΜЮΜΞΟњ at ~700nm

Chile
ΜЮΣΤњ at ~700nm

https://w
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pg.de/24878805/telescopes-in-com
parison?c=2249
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ÅOn-ground  telescopes can host larger mirror and larger camera than space telescopes
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2.4 m

6.5 m

1.2 m

8.4m

Camera:
2800 kg

Camera:
113 kg
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ÅSensitivity  depends on:
o  mirror size 
o sensitivity of the detector

ÅSpatial resolution 
depends on:

o Atmospheric turbulence
o  mirror size size and 

wavelength. Rayleigh 

Criterion:  Ὑͯ ρȢςς

ÅField of view depends on 
o detector size

Field of view / 
resolution / Sensitivity

https:// www.mpg.de/24878805/telescopes-in-comparison?c=2249

copyright: MPG/Phildius1. Desiging a survey: basic considerations on telescopes



In space: low-orbit or L2?
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In space: low-orbit or L2?
ÅLow-orbit: e.g. HST (< 600km)

o Maintenance is possible!

o Target occultation by the Earth for varying duration during each 96-
ůŔŰƨƣĲШŸƖĤŔƣЯШĬĲƓĲŰĬŔŰŊШŸŰШƣċƖŊĲƣќƚШċŰŊũĲШŉƖŸůШƣőĲШƚƓċĦĲĦƖċŉƣќƚШ
orbital plane 

o Geocoronal emission, Earth shine, zodiacal light

o Orbital thermo-cycling / shadow passage every 90 min

ÅxΞаШĲЮŊЮШsìÉÑЯШEƨĦũŔĬЯШ]ċŔċЯШÂũċŰĦťЯШвetc
o Lower background

o More thermally stable

o Better visibility all the time. 

o No possible maintenance

o More sensitive to space weather (not protected by earth magnetic 
field)
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https://hst-docs.stsci.edu
/hsp/the

-hubble-space-telescope-prim
er-for-cycle-

33/hst-prim
er-orbital-constraints

Credit: NASA & ESA

BUT

BUT

Credit: NASA's Scientific Visualization Studio

Earth magnetic field
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2. Existing and upcoming 
galaxy large-surveys for DE

A. Spectroscopic redshift surveys
B. Weak lensing surveys
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ÅPhotometric surveys: 
o galaxy angular positions

o shapes 
o redshift distributions in tomographic bins

ü shear power in tomographic redshift slices

ÅSources of noise:
o Not enough statistics
o Redshift distribution incorrectly known
o Systematics in shape measurements

ÅStrategy to improve measurements:
o Larger sky coverage, deeper images 

o Multi -wavelength photometry + good 
knowledge of galaxy spectra diversity

o High resolution photometry (in space), NIR, 
good control of the wavefront error

Imaging
Weak  lensing
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Imaging versus spectroscopy
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ÅSpectroscopic surveys: 
o galaxy angular positions 

o accurate redshifts. In general target selections from imaging surveys 
(not for grism)

ü Compress galaxy positions into power spectrum 

ÅSources of noise: 
o Not enough statistics

o redshift errors
o Finite number of tracers / sampling bias

ÅStrategy to improve measurements: 
o Larger sky coverage, fainter flux limit (less catastrophic failures, 

higher sampling)
o Larger wavelength coverage (reduce sampling bias, higher 

redshift)

o Higher spectral resolution (better quality redshift, less 
catastrophic failures)   Ὑ
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ÅPhotometric surveys: 
o galaxy angular positions

o shapes 
o redshift distributions in tomographic bins

ü shear power in tomographic redshift slices

ÅSources of noise:
o Not enough statistics
o Redshift distribution incorrectly known
o Systematics in shape measurements

ÅStrategy to improve measurements:
o Larger sky coverage, deeper images 

o Multi -wavelength photometry + good 
knowledge of galaxy spectra diversity

o High resolution photometry (in space), NIR, 
good control of the wavefront error

Weak  lensing clustering
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Additional considerations on spectroscopy
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Multi -object spectrograph
e.g: BOSS, DESI

ÅNeed imaging survey for target selection
ÅLarge-flexibility in imaging strategy

Slitless  spectroscopy
e.g: NISP (Euclid), WFI (Roman) 

ÅNo target selection ~ dispersed imaging
ÅIntricate mixing of spatial and spectral information

Performances: Number of fibers (and configuration time), 
Wavelength resolution (+FoV, sensitivity, wavelength range)

Performances: Spatial resolution, Wavelength resolution (+FoV, 
sensitivity, wavelength range)

Credit: DESI collaboration Credit : Yannick Copin
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2. Overview of existing and upcoming galaxy large-
surveys 

2dF, SDSS
ÅStage II: observational status in 2010
BOSS / SDSS-III *

ÅStage III: experiment started in the 2010s
eBOSS / DES / HSC / KIDS-1000 *

ÅStage IV: experiments started in the 2020s
DESI/ DESI-II / Euclid / LSST / Roman *

ÅStage V? 
Spec-5: https://spec -s5.org/ Besuner+25, Schlegel+22, WST

Albrecht+2006: Report of the Dark Energy Task Force
Classification of the Dark Energy Task Force

Performance of a survey quantified in terms of gain in the DE figure of merit (i.e reducing the area 
of the 95% confidence limit in the ύ ύ plane)

*non-exhaustive list

https://ui.adsabs.harvard.edu/abs/2025arXiv250307923B/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract
https://arxiv.org/abs/astro-ph/0609591
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Overview of past spectroscopic surveys

2. Overview of existing and upcoming galaxy large-
surveys 

Giovanelli&Haynes+91
Sandage 1975
 Rood 1988

CfA2 and SSRS2 redshift surveys, 
Chincarini, G., & Guzzo, L., 1998

https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract


23/07/2025 Les Houches -- Dark Universe -- Clotilde Laigle 37

Schlegel+22

Spectroscopic surveys: overview

2. Overview of existing and upcoming galaxy large-
surveys 

Euclid collaboration, Mellier+25

https://ui.adsabs.harvard.edu/abs/2022arXiv220903585S/abstract


Spectroscopic surveys: overview
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SDSS 2000-2020
1000 spectra in 1h

DESI, 7 first months
5000 spectra in 15min

2. Overview of existing and upcoming galaxy large-
surveys 

Credit: David J. Schlegel (Berkeley Lab using data from DESI)


